Summary. Significant sex differences were observed in 24 young lean men and women submitted to two mixed isocMorie meals (880 KcM; protein 40 g; carbohydrate 90 g; fat 40 g;) at 8.15 AM and 12.45 PM. After an overnight fast venous blood glucose levels were lower in women than in men. Plasma insulin responses were lower after the afternoon meal than after the morning one in men bu~ not in women. Thus women did not present the well known cycle of insulin secretion described in men. Estradiol benzoate, 10 mg per day given intra-muscularly for eight days in six men who served as their own control, lowered fasting venous blood glucose levels and enhanced post prandial plasma insulin levels after the morning and the afternoon meal as well. It is suggested that the sex related differences in venous blood glucose and plasma insulin patterns may be due in part to estrogens.
isoealorie meals [3, 5] was more pronounced in the morning than in the afternoon. Blood glucose levels were lower in the morning than in the afternoon in response to various stimuli [1, 2, 6, 7, 9--13] , but not after meals [3] .
After 3 and 4 days of total fast, plasma insulin levels were higher in the morning than in the afternoon in normal young men [1r These studies were done mainly or only in men.
In male rats a daily rhythm of plasma glucose and insulin levels [15] and a diurnal cycle in the pancreatic beta and alpha 2 cells nuclear size [16] were described.
The possibility that the circadian variations observed in blood glucose and plasma insulin levels might be sex-related has not been studied until now. However sex-related differences have been observed in substrate and hormone studies. Women responded more than men to several stimuli of Growth Hormone (GH) secretion [17] . Merimee and Fineberg have recently shown [18] that in fasting women venous blood glucose levels decrease more than in fasting men, without significant differences in plasma insulin levels. In rats blood glucose levels were higher fasting in females than in males [19] . Estrogen administration enhanced GI-I secretion in men [17, 20] , insulin secretion in the rat [21--23] and lowered the post absorptive blood glucose levels in men [17] .
The aim of this study was to compare the diurnal changes of venous glucose and plasma insulin values in men and women submitted, after an overnight fast, to two identical meals at 8.15 A?r and 12.45 PM. Some men were reinvestigated after parenterM estradiol benzoate administration.
Material end Me~hods
12 men and 12 women were studied. All were healthy, lean and young volunteer students or nurses (Table 1) . None had a personal or family history of known diabetes or obesity. None had taken drugs, including contraceptive pills. About half of the women were in the follicular phase of their menstrual cycle. All the subjects had a diet of 250 to 300 g of carbohydrate for a week before the study. Prior to the study all subjects were submitted to an ora ! glucose tolerance test (GTT) by administering 45 g of glucose per square meter of body surface. GTT was performed in the morning after an overnight fast; total blood glucose was assayed by a glucose oxidase method [24] , using the commercial kits (C.F. Boehringer and S6hne GmbH, 3Iannheim, FI~G), on capillary blood taken by digital puncture (Table 1 ). All subjects were given two similar meals at 8.15 AM and at 12.45 PM the same day. Each meal contained 880 Kcal (carbohydrate 90 g; fat 40 g; protein 40 g;) to be eaten in 30 min in a definite order. A plastic needle was inserted in an antecubital vein 30 rain before the beginning of the morning meal. During the day the subjects were not allowed to exercise or move about. Smoking was prohibited. Drinking was not allowed between meals. Venous blood samples were taken serially during the morning and the afternoon starting with the meals and 30, 45, 60, 90, 120 and 180 min after the beginning of each 1VI. Hautecouverture et al.: Sex Related Diurnal Variations one. Blood was taken into heparin. 100 ~l of venous blood was immediately removed for glucose assay [24] . After immediate centrifugation at ~-4 ~ C three plasma aliquots were frozen at --18~ and kept until immunoassay. Polypeptide hormones were assayed according to the general method of Yalow and Berson [25] , with slight technical modifications for insulin [26] .
Results
In Figs. 1 and 2 are given the mean values of venous blood glucose and plasma insulin levels for men and women after the morning and the midday meals. Comparisons of mean values between the morning and the midday meals in each sex are given in Table 2 . a Glucose was assayed on capillary blood by the glucose oxidase method [24] . Results are expressed in rag/100 ml. Glucose load was of 45 g per sq. meter of body surface.
b These men were reinvestigated before and after parenteral administration of estradiol benzoate 10 mg for day/8 days.
c Day of menstrual cycle when experiments took place (after the first day of last menses). Women were menstruating regularly.
Estrogens were given to 6 out of 12 men in the form of estradiol benzoate. All were fully informed and consenting volunteers. 10 mg of an oil solution were injected i. m. every morning for 8 days. On the 8th day these men had two meals as previously.
Mean values• were calculated for each group for every parameter studied after the morning and the midday meal. Comparisons between mean values were made by Student's t Test for unpaired or paired data.
Blood Glucose
After an overnight fast, venous blood glucose values were significantly lower in women than in men (p<0.05). After the morning meal the mean blood glucose values remained lower in women than in men but the differences were not significant (Fig. 1) . The mean maximal blood glucose levels were reached 30 and 45 rain after the beginning of the morning meal in women and men respectively. After the midday meal the blood glucose patterns were not different between women and men.
There were no differences between blood glucose values after the morning and the midday meal in both sexes (Table 2) .
Insulin
Plasma insulh~ values were not significantly different between men and women fasting or after Table 2 the morning meal. The mean maximal plasma insulin level was reached at the 45th rain after the beginning of the meal in both sexes (Fig. 2) . At the beginning of the midday meal and after it plasma insulin levels were higher in women than in men. The differences were significant at the 0, 30 and 45 rain points. The mean maximal value was reached 45 min after the beginning of the meal in both sexes and the lowest 180 rain afterwards. Comparisons between the morning and the midday meals did not show any difference in women. In men the increase in post lorandia] plasma insulin levels was lower in the afternoon than in the morning (Table 2) . Blood Glucose: all venous blood glucose levels were lowered by estrogen injection in men, the difference being significant fasting, 30 min after the beginning of the morning meal and 180 min after the midday one (Table 3 and Fig. 3 ).
Effects of Estrogens Administration in Men
given to men lowered fasting venous blood glucose levels in agreement with Frantz and Rabkin's report in which diethylstilboestrol was used [17] . Merimee and Fineberg [18] only found this sex difference after a 36 hrs fast. In their work short term administration of 0.1 mg ethinyl estradiol twice daily to men did not induce lower glucose values. Our data may be due to an increased utilization of glucose by muscles Insulin: Estrogen administration increased plasma insulin levels 180 mill after the beginning of the morning meal and 90 min after the midday one (Table 3 and Fig. 4 ).
Discussion
After an overnight fast venous blood glucose levels were lower in women than in men. Estradiol benzoate induced by estradiol, as demonstrated in vitro on diaphragms taken from pre-treated rats [27] , or to a decrease in hepatic glnconeogenesis, as reported in rats treated by estradiol by Mature and KMkhoff [28] .
The low fasting venous blood glucose levels observed in women, and men given estradiol, were not associated with differences in fasting plasma insulin levels as in the work of Merimee and Fineberg during prolonged fasts [17] . In our study no significant differences in venous blood glucose values were observed after the meals between men and women whatever the time of the meal. In both sexes, blood glucose values decreased more slowly in the late postprandial period after the midday than after the morning.
A significant difference in plasma insulin levels was observed between men and women at the beginning of and during the midday meal. This difference is due to a lower insulin seeretion in men in the afternoon than in the morning. In women there is no decrease in insulin secretion during the afternoon compared to the morning.
In men given estradiol for 8 days a significant increase in insulin levels was observed at the 180 rain point after the morning meal and at the 90 min point after the midday meal. These two point differences in the 6 men studied do not allow us to draw conelusions on an insulinogenic effect of estrogens administration in men in our study.
In women, parenteral estradiol administration enhanced the plasma insulin response to intravenous glucose [29] . Estradiol enhanced insulin seeretion in castrated [21] or normal [22] female rats. Estrogens induced a protective action against diabetes, accompanied by hypertrophy and hyperplasia of the pancreatic islets of Langerhans, in normal rats, guinea pigs and cats, and in subtotally panereateetomized or partially panereatectomized-adrenalectomized rats [30] .
A direct action of estrogens on the normal pancreas was observed in rats, guinea pigs and cats:
after prolonged pancreatic estradiol implantation a very marked hyperplasia and hypertrophy of the islets was observed [30] . After 3 weeks of daily administration of 5 ~g of estradiol benzoate to rats, Costrini and Kalkoff observed an increase in pancreatic islet diameter and protein content [22] . It remains possible that the absence of diurnal variations observed in our study in women was due to an another factor: the relatively larger intake in the morning, the short interval between the two meals, the different fasting period before the two meals, the nature of the preceding meal. It must however be stressed that despite this relatively larger size of meals given in women than in men (about 20~o more according to body surface) their plasma insulin values were not significantly different after the morning meal. Moreover, potentiation of insulin secretion induced by a preceding identical meal was not observed in men in the study by Cohn, Berger and Norton [33] after an interval of 120 min between two identical meals.
In the studies using meals by Malherbe et al. [3] and by Rigas et al. [4] prior fasting time between morning and midday was identical to that of our study and these studies were subject to the same criticism. But in the work of Barter et al. [5] identical fasting periods between meals were designed and lower insulin secretion was observed in men in the afternoon than in the morning.
The known rhythm pattern in glucose and/or insulin values observed in men by several investigators using such stimuli of insulin secretion as meals [3, 4, 5] oral [1, 9, 13] or intravenous [13] glucose loads, and tolbutamide [2, 13] , has not received clear cut explanations.
It is not due to Gtt secretion [34] nor to the circadian rhythm of cortisol secretion [35] . Recent studies in man deny a role to catecholamines [13] , bu~ indicate a possible role concerning a relative deficiency in pancreatic cyclic AMP in the evening [13] . Because of the known direct action of natural estrogens on pancreatic tissue and because of the lack of diurnal cycle of insulin secretion in women in our study we suggest that the diurnal sex difference in insulin pattern may be due in part to estrogens.
